This study conducted genetic and phylogenetic analyses of genome segments 2 and 6 (Seg-2 and Seg-6), which encode serotype-specific structural proteins of the outer capsid, of bluetongue virus (BTV) isolated in Japan from 1985 to 2008. The Japanese strains of BTV were clearly sorted into six groups by several genetic characteristics of Seg-2, including segment length, ORF length and 59-and 39-terminal sequences, and were identified as serotypes 2, 3, 9, 12, 16 and 21 by phylogenetic comparisons with Seg-2 of reference and field strains of serotypes 1-24. In contrast, phylogenetic comparisons of Seg-6 also revealed some variations among the Japanese strains and partial correlations of the serotypes between the Japanese strains and the reference or field strains. Thus, the results revealed that at least six serotypes of BTV were isolated in Japan and that there were some variations in the genetic and phylogenetic characteristics of Seg-2 and Seg-6 among the Japanese strains, suggesting that BTV of several different origins has appeared sporadically in Japan. These data will be beneficial for understanding BTV epidemiology and taking better control measures against bluetongue in Japan and its neighbouring countries in the Asia-Pacific region.
INTRODUCTION
Bluetongue virus (BTV) is classified as the type species of the genus Orbivirus in the family Reoviridae and is known to cause infections ranging from unapparent to fatal in sheep, cattle, goats, deer and wild ruminants (Mertens et al., 2005; OIE, 2008) . Clinical signs of bluetongue (BT) include febrile responses characterized by inflammation and congestion, facial oedema and haemorrhages, and ulceration of the mucous membranes (OIE, 2008) . BT is recognized as one of the most important diseases not only in the production of livestock but also in the worldwide livestock trade (Schwartz-Cornil et al., 2008) .
BTV is transmitted by haematophagous arthropod vectors, namely Culicoides biting midges, and is widely distributed in areas between the latitudes 40 u S and 35 u N on almost all continents (Mellor & Boorman, 1995) . Recently, the geographical range of BTV has expanded beyond the northern limit. Indeed, BT has broken out on a large scale in northern Europe and has caused serious economic damage in the livestock industry in the European Union (Hateley, 2009; Velthuis et al., 2010; Wilson & Mellor, 2009 ).
In Japan, strains of BTV have been isolated sporadically since 1985. Most of the strains were originally isolated from blood samples of sentinel calves or Culicoides biting midges collected during ecological studies on important bovine arboviruses. Two strains of BTV were also isolated from affected sheep in the first outbreak of BT in Japan in 1994 (Goto et al., 2004) . In addition, antibody prevalence to BTV serotypes 1, 12 and 20 in cattle were recorded in 1974 -1978 (Miura et al., 1982 , suggesting that epidemics of several serotypes of BTV have been occurring since the 1970s in Japan. However, most of the genetic and antigenic characteristics of the Japanese strains have been unknown.
To date, 26 BTV serotypes have been recognized worldwide including serotypes 25 and 26, which were identified recently (Hofmann et al., 2008; Maan et al., 2011; Mertens et al., 2005) , and 16 serotypes have been identified in Asia and Australia (Daniels et al., 2009) . The BTV serotypes in Asia include 12 serotypes in China (1, 2, 3, 4, 9, 11, 12, 15, 16, 17, 21 and 23) , ten serotypes in India (1, 2, 3, 4, 8, 9, 16, 17, 18 and 23) , eight serotypes in Indonesia (1, 3, 7, 9, 12, 16, 21 and 23) , six serotypes in Malaysia (1, 2, 3, 9, 16 and 23) and two serotypes in Taiwan (2 and 12) (Daniels et al., 2009; Lee et al., 2010; Ting et al., 2005) . In Australia, eight BTV serotypes have been identified (1, 3, 9, 15, 16, 20, 21 and 23) (Daniels et al., 2009) . Although four BTV serotypes (4, 11, 13 and 20) were detected in an animal quarantine station in Japan, only one BTV serotype (21) has been identified among field strains of BTV collected in Japan (Goto et al., 2004) .
Among the ten segments of the dsRNA genome of BTV encoding seven structural proteins (VP1-VP7) and four distinct non-structural proteins (NS1-NS4) Belhouchet et al., 2011; Mertens et al., 2009) , segment 2 (Seg-2), which encodes the outermost neutralizing antigen, VP2, was found recently to contain sequences that show a perfect correlation with the 24 BTV serotypes (Maan et al., 2007a; Mertens et al., 2005) . This finding made it possible to identify BTV serotypes by analysis of Seg-2, and such an approach is highly useful for laboratories that have no reference strains and/or antisera, because serotype identification normally requires cross-neutralization tests. The sequence of segment 6 (Seg-6), which encodes another outer-capsid protein, VP5, of BTV also influences the determination of BTV serotypes (Mertens et al., 1987 (Mertens et al., , 1989 . (Maan et al., 2007a) , and the Japanese strains analysed in this study are underlined. Identified serotypes of the Japanese strains are shown in square brackets in front of the strain names. The percentage bootstrap values calculated from 1000 replications are indicated around the internal nodes. Bar, 0.1 % sequence divergence.
Analysis of Seg-2 and Seg-6 of BTV isolates in Japan Therefore, the phylogenetic characteristics of Seg-6 as well as Seg-2 are of interest in serotype identification.
The aim of this study was to clarify the serotypes and genetic relationships of the strains of BTV isolated in Japan by comparing the sequences of Seg-2/VP2 and Seg-6/VP5 with those of reference and field strains of 24 serotypes.
RESULTS

Genetic and phylogenetic characteristics of Seg-2/VP2
The characteristics of Seg-2/VP2 of the Japanese strains of BTV used in this study are shown in Table 1 . The sizes of Seg-2 ranged from 2904 to 2943 bp and the G+C content was 41.6-43.6 mol%. Stop-codon usage was not conserved within Seg-2 and included TAA, TAG and TGA. The 59 noncoding region (NCR) ranged from 17 to 21 bp in length, whilst the 39 NCR was longer at 34-37 bp. The upstream 59-terminal hexanucleotide sequence (59-GTTAAA...-39) and the downstream 39 hexanucleotide sequence (59...ACTTAC-39) were completely conserved among all strains. The ORF of the 14 strains was 2853-2889 nt (including stop codons). The resulting VP2 proteins were 950-962 aa, with predicted molecular masses of 110.2-112.3 kDa. The nucleotide and amino acid sequence identities of Seg-2/VP2 ranged from 41.85 to 99.93 % and from 26.88 to 100 % across the 14 strains used in this study, respectively (see Table S1 , available in JGV Online).
Phylogenetic analysis of the full-length sequence of Seg-2 was first conducted with the Japanese strains and the 24 reference strains of BTV, and the Japanese isolates were sorted into five nucleotypes, B, C, E, G and I (Maan et al., 2007a) (Fig. 1) . Additional phylogenetic analyses were conducted within each of the five nucleotypes, together with the field strains (Fig. 2) . Each of the Japanese strains was closely related to one of the field and/or reference strains of serotypes 2, 3, 9, 12, 16 and 21 (Fig. 2) . Eight strains of BTV (173, KY63, ON90-4, MZ-1/C/01, KSB-31/ C/01, NS-1/E/02, KSB-6/C/08 and KSB-7/C/08) clustered closely with the reference and field strains of BTV16 (95.37-96.05 % nucleotide and 97.50-98.44 % amino acid identities, respectively; Table S2 ). The ON-6/B/98 strain clustered closely with the reference and field strains of BTV3 (69.54-69.91 % nucleotide and 74.56-74.97 % amino acid identities, respectively; Table S2 ) and also clustered closely with the reference strain of BTV13, but the degrees of the identities were lower (66.81 % nucleotide and 69.97 % amino acid identities, respectively; Table S2 ) than those with BTV3. The ON89-1 and TO2-1 strains clustered closely with the reference strain of BTV21 (86.69-86.72 % nucleotide and 92.04-92.67 % amino acid identities, respectively; Table S3 ). The ON-2/C/03 strain clustered closely with the reference strain of BTV5 (68.13 % nucleotide and 71.94 % amino acid identities, respectively; Table S4 ) but clustered more closely with the reference and vaccine strains of BTV9 (68.79-68.88 % nucleotide and 73.30-73.82 % amino acid identities, respectively; Table  S4 ). Furthermore, ON-2/C/03 showed higher identity to the field strains of BTV9 (91.30-91.41 % nucleotide and 94.35 % amino acid identities, respectively; Table S4 ). The ON90-2 strain clustered closely with the reference and field strains of BTV12 (98.90-99.00 % nucleotide and 98.84-99.37 % amino acid identities, respectively; Table S5 ). The MZ-1/C/07 strain clustered closely with the reference and field strains of BTV2 (72.41-73.26 % nucleotide and 79.94-81.08 % amino acid identities, respectively; Table S6 ).
Several characteristics of Seg-2/VP2 were compared between each Japanese strain and the reference strain that was most closely related to the Japanese strain, and were found to be identical or similar as follows: the segment and ORF lengths were identical between them in most cases, and some other characteristics were completely identical, including amino acid insertion and deletion and conservation of cysteine residues (Maan et al., 2007a) . High identities were also observed in the nucleotide sequences of the 59 and 39 NCRs (80.95-100 % and 88.89-100 % identities, respectively), and similar hydrophobicity profiles were observed (data not shown).
Genetic and phylogenetic characteristics of Seg-6/VP5
The characteristics of Seg-6/VP5 of the Japanese strains of BTV are shown in Table 2 . Seg-6 in these strains ranged from 1635 to 1645 bp and the G+C content was 43.4-45.4 mol%. Stop-codon usage was conserved (TGA). The 59 NCR was 25-29 bp, whilst the 39 NCR was longer at 28-29 bp. The upstream 59-terminal and the downstream 39-terminal hexanucleotide sequences were completely conserved among all strains. The ORF of the 14 strains was 1581-1587 nt (including stop codons). The resulting proteins were 526-529 aa, with predicted molecular masses of 59.03-59.64 kDa. The nucleotide and amino acid sequence identities of Seg-6/ VP5 ranged from 59.11 to 100 % and from 57.20 to 100 % across the 14 strains used in this study, respectively (Table S7) .
Fourteen Japanese strains of BTV were sorted into three nucleotypes -B, C and E -by phylogenetic analysis of the full-length sequences of Seg-6 (Maan et al., 2010) (Fig. 3) . Twelve strains were classified into the same nucleotype (B), Analysis of Seg-2 and Seg-6 of BTV isolates in Japan and were sorted into four small subgroups; the five strains MZ-1/C/01, KSB-31/C/01, NS-1/E/02, KSB-6/C/08 and KSB-7/C/08 clustered closely with the reference strain of .81 % amino acid identities, respectively; Table S8 ), and five other strains -173, KY63, ON89-1, ON90-4, and TO2-1 -also sorted closely with the BTV16 reference strain (93.10-93.46 % nucleotide and 98.86-99.62 % amino acid identities, respectively; Table S8 ). The ON-6/B/98 strain was placed on a single branch in nucleotype B but showed high identity with the BTV21 reference strain (79.96 % nucleotide and 93.16 % amino acid identities, respectively; Table S8 ). The ON-2/C/03 strain was closely related to the BTV9 field strain TUR2003/03 (91.82 % nucleotide and 96.77 % amino acid identities, respectively; Table S8 ). The MZ-1/C/07 strain was closely related to the BTV2 field strain IND1982/01 (91.80 % nucleotide and 98.67 % amino acid identities, respectively; Table S9 ) in nucleotype C. The ON90-2 strain was classified into nucleotype E and was closely related to the BTV12 reference strain (98.54 % nucleotide and 99.24 % amino acid identities, respectively; Table S10 ).
Several characteristics of Seg-6/VP5 were compared between each Japanese strain and the reference strain or another strain isolated elsewhere, and the following findings were made. The segment and ORF length were completely identical among them (Singh et al., 2004) , and high identities were observed in the nucleotide sequences of the 59 and 39 NCRs (89.29-100 % and 85.71-100 % identities, respectively). Identical amino acid insertions (at positions 292 and 339 in nucleotype E), the absence of amino acid deletions, and similar hydrophobicity profiles were observed (data not shown). The presence or absence of cysteine residues was completely identical as follows: the residues were conserved at positions 152 and 381 in all the strains of nucleotype B and at positions 341 and 381 in all the strains of nucleotype C, but no cysteine residues were conserved in nucleotype E.
DISCUSSION
Various bovine arboviruses, such as Akabane and bovine ephemeral fever viruses, have been isolated and are recognized as obstacles to the production of beef and dairy cattle, mainly in south-western Japan. Although the prevalence of BTV has also been observed repeatedly by virus isolation and nationwide serological surveillance, almost all the BT cases in sheep and cattle have been mild or subclinical, and little information is available on their properties, including the serotypes of the Japanese strains of BTV. It is useful to collect sequence information from field strains to be able to understand accurately the serotypes, genetic relationships and epidemiology of BTV in Japan and the world. In this study, we analysed the sequences of Seg-2/VP2 and Seg-6/ VP5 of Japanese BTV strains.
The Japanese strains of BTV were classified into five nucleotypes (B, C, E, G and I), and their serotypes were H. Shirafuji and others identified as 2, 3, 9, 12, 16 and 21 by phylogenetic comparisons of Seg-2 with the reference and field strains. The Japanese strains were found to share nucleotide and amino acid identities of 68.79-99.00 and 73.30-99.37 %, respectively, with the reference and field strains within each of the serotypes. The nucleotide and amino acid identities mentioned above were almost the same as the identities within the same serotypes reported previously (Maan et al., 2007a) , indicating that the serotypes of BTV strains could be identified by phylogenetic comparison instead of the traditional cross-neutralization tests.
Phylogenetic comparisons of Seg-6 also showed some correlations with the BTV serotypes in the Japanese strains used in this study. Eight Japanese strains identified as BTV16, comprising the 173, KY63, ON90-4, MZ-1/C/01, KSB-31/C/01, NS-1/E/02, KSB-6/C/08 and KSB-7/C/08 strains, were clustered closely with the reference strain of BTV16 (RSArrrr/16). Three other Japanese strains also identified as BTV2, 9 and -12 (MZ-1/C/07, ON-2/C/03 and ON90-2 strains, respectively) were closely related to BTV2 IND1982/01, BTV9 TUR2000/03 and BTV12 RSArrrr/12, respectively. In contrast, a Japanese strain identified as Analysis of Seg-2 and Seg-6 of BTV isolates in Japan BTV3, ON-6/B/98 strain, clustered distantly with the BTV3 reference strain (RSArrrr/03). Both the ON89-1 and TO2-1 strains were more closely related to the reference strain of BTV16 (RSArrrr/16) than to BTV21 (RSArrrr/21). These findings demonstrated that the correlations between Seg-6 and the serotypes were mild in the Japanese strains used in this study, and were comparable to those in a previous report, which used other strains of BTV (Mertens et al., 1989) .
Our study revealed some variations in the genetic and phylogenetic characteristics of Seg-2/VP2 and Seg-6/VP5 among the Japanese strains of BTV, suggesting that BTVs of several different origins have been collected sporadically in Japan. The strains were separated into six serotypes based on the segment and ORF length of Seg-2. The characteristics of each of the six serotypes were identical to those of the reference strain(s) of BTV within a single nucleotype (Maan et al., 2007a) in most cases. In each of the six serotypes, the 59-and 39-terminal sequences also exhibited high identities to those of the reference and field strains of a single serotype (80-100 % in the 59-and 86.49-100 % in the 39-terminal sequences, respectively), as shown previously by Maan et al. (2007a) . Some variation was observed in G+C content and protein molecular mass among the 14 Japanese strains, but each of the six serotypes showed high similarities in segment length, ORF length and terminal sequences. The segment and ORF lengths of Seg-6 were identical among 12 of the 14 strains. The level of variation was lower in Seg-6/VP5 than in Seg-2/VP2 because VP5 is under less adaptive pressure than VP2 (Anthony et al., 2009) ; however, the Japanese strains were broadly divided into three groups. Thus, the Japanese strains of BTV used in this study consisted of several groups whose Seg-2 and Seg-6 were genetically distinct from each other.
Although the serotypes and some genetic characteristics of the Japanese strains were revealed in the present study, further sequence characterization is required to gain a thorough understanding of BTV epidemiology in Japan. As phylogenetic analyses of genome segments 3 and 10 have been available to clarify the molecular epidemiology of BTV in the Asia-Pacific region (Bonneau et al., 1999; Desai et al., 2009; Lee et al., 2010; Pritchard et al., 2004; Zhang et al., 2010) , additional sequence analyses of these two segments of the Japanese strains are currently being conducted. As a better understanding of BTV epidemiology is achieved, more effective diagnostic and preventative measures can be established against BT.
METHODS
Viruses. The 14 field strains of BTV used in this study are listed in Table 3 . Out of the 14 strains, 13 were originally isolated from bovine blood and Culicoides samples between 1985 and 2008 from the Kyushu and Okinawa districts in southern Japan. The TO2-1 strain was obtained from sheep during the first outbreak of BT in the central part of Japan Tochigi prefecture in 1994 (Goto et al., 2004) . All strains were propagated in BHK-21 or HmLu-1 cell cultures until~90 % of the monolayer showed cytopathic effects.
Full-length amplification of cDNAs and sequencing. Viral dsRNA was extracted from the BTV-infected cell cultures using RNA STAT-60 (TEL-TEST). Full-length cDNA copies of Seg-2 and Seg-6 were synthesized using the purified dsRNA, and their nucleotide sequences were determined as described previously (Maan et al., 2007b) . Briefly, anchor primers (p-GACCTCTGAGGATTCTAAAC/ iSp9/TCCAGTTTAGAATCC-OH) were ligated to the 39 termini of the dsRNAs using T4 RNA ligase 1 (New England BioLabs) and the dsRNA segments were resolved by electrophoresis on a 1 % agarose gel. Seg-2 and Seg-6 were recovered using an RNaid kit (Bio 101) and the cDNAs were synthesized for each segment using ThermoScript reverse transcriptase (Invitrogen, Life Technologies). Synthesized cDNAs were amplified by PCR using primer 5-15-1 (59-GAGGGATCCAGTTTA-GAATCCTCAGAGGTC-39) and KOD-Plus-version 2 (Toyobo) and the products were subjected to direct sequencing. 
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Phylogenetic analysis. Sequence identities among the strains were obtained using the GAP program of the University of Wisconsin Genetics Computer Group (UWGCG) package. To analyse the phylogenetic relationships among the strains isolated in Japan and other strains isolated elsewhere, the sequences were aligned using the CLUSTAL W program (Thompson et al., 1994) . The phylogenetic trees were constructed with MEGA4 using the neighbour-joining method, and the reliability of the branching orders was evaluated by a bootstrap test (n51000) (Tamura et al., 2007) . The nucleotide sequences determined in this study are shown in Tables 1 and 2. 
